The postnuclear supernatant of disrupted polymorphonuclear leukocytes exhibited bactericidal activity on Escherichia coli O111:B4 coated with immunoglobulin M antibodies and C5 or C8 but not on C3-or C7-coated bacteria. To characterize this antimicrobial activity further, granules obtained from the postnuclear supernatant were extracted with sodium acetate (pH 4) and the soluble extract was subsequently fractionated through carboxymethyl cellulose and Sephacryl S-200. Over 90% of the activity present in the starting material was recovered in the soluble granule extract. Kinetic and dose-response analyses of the bactericidal activity of the polymorphonuclear leukocyte extract on BAC1-5 and BAC1-8 revealed different susceptibilities to killing of these two bacterial intermediates; they also differed for their susceptibilities to killing at 37°C and at room temperature. The suggestion raised by these data, that BACl-5 and BAC1-8 could be killed by different bactericidal factors, was confirmed by the findings that separate fractions of the soluble granule extract obtained by carboxymethyl cellulose and Sephacryl S-200 chromatography exhibited specific activity on either BAC1-5 or BAC1-8, whereas other fractions were active on both intermediates.
The contribution of the complement system to the host defense against bacterial infections is well established and is accomplished essentially through its opsonizing and chemotactic activities, as well as through direct bactericidal effect bon susceptible bacteria. Evidence has also been provided in favor of an additional role of complement in potentiating the bactericidal activity of the phagocytes once the bacteria have been engulfed (6, 8, 10) . Thus, components of the alternative pathway promote the intracellular killing of Staphylococcus by the monocytes (7) and the late-acting components promote that of Escherichia coli 0111:B4 by the polymorphonuclear leukocytes (PMN) (15) . More detailed investigations performed by our group on the components involved in the processing of E. coli 0111:B4 by PMN revealed an absolute requirement of membrane-bound C5 or C8 for effective killing of the bacteria (21) . These studies also showed that the killing of C5-or C8-coated jacteria could be obtained equally well with the postnuclear supernatant (PNS) of disrupted PMN as with the intact PMN, suggesting that bactericidal factors rather than products of the respiratory burst may be responsible for the increased susceptibility to killing of E. coli bearing C5 or C8.
The aim of the present investigation was to characterize the bactericidal factors of PMN active on E. coli 0111:B4 coated with immunoglobulin M (IgM) and various complement components. Data are presented showing that the killing of bacteria carrying C5 or C8 is promoted by distinct bactericidal factors.
MATERIALS AND METHODS
Buffers. Krebs-Ringer phosphate (KRP) buffer (pH 7.4; ionic strength, 0.091 pu) supplemented with 0.64 mM MgCI2 and 0.16 mM CaCl2 was prepared as previously described (16) .
Bacteria and bactericidal assay. The study was performed on the strain of E. coli 0111:B4 obtained from the stock * Corresponding author.
collection of the Institute of Microbiology, University of Trieste. The bacteria were grown in nutrient broth (Difco Laboratories, Detroit, Mich.) for 6 h at 37°C and then on nutrient agar (Difco) overnight as previously described (16 Human sera with selective deficiencies of C5 (14) , C6 (22) , and C8 (20) were used to prepare the bacterial intermediates (BACs) BAC1-3, BAC1-5, and BAC1-7, respectively. Pooled human sera treated with KSCN and hydrazine hydrate (3) were used as the reagent providing functionally active C6, C7, C8, and C9. The specificity of this reagent was evaluated by its ability to restore the bactericidal activity on IgM-opsonized bacteria (BA) to C6-, C7- (14) , and C8-deficient sera and also to kill bacteria coated with complement components up containing 0.7 M NaCl. Fractions of 2 ml were collected at a flow rate of 10 ml/h.
Enzymatic assays. The lysozyme activity was measured by the rate of lysis of Micrococcus lysodeikticus estimated as the decrease in turbidity at 460 nm at 25°C by using hen egg lysozyme as the standard. Different volumes of the sample were added to 0.5 ml of the bacterial suspension adjusted to 0.8 to 0.9 optical density (OD) units in 50 mM phosphate buffer (pH 6.6) containing 77 mM NaCl, and the final volume was brought to 1 ml (4). The results were expressed as micrograms of hen egg lysozyme per minute per milliliter of fraction or pool. The myeloperoxidase activity was assayed by the guaiacol method described by Chance and Mahely (2) as modified by Romeo et al. (13) . The reaction mixture contained 0.1 M phosphate buffer (pH 7.0), 15 mM guaiacol (Sigma Chemical Co., St. Louis, Mo.), and various volumes of the sample to 1 ml final volume. The reaction was started by adding 0.33 mM H202 and was followed kinetically at 37°C by measuring the increase in OD at 470 nm (OD470). The results were expressed as micromoles of tetraguaiacol formed per minute per milliliter of fractions or pools. The chymotrypsinlike activity was estimated by the method of Odeberg et al. (12) . Benzoyl-L-tyrosine ethyl ester dissolved in dimethyl sulfoxide was used as the synthetic substrate at a concentration of 0.5 mM and mixed with the sample to a final volume of 1 ml by using phosphate-buffered saline (pH 7.4). The hydrolysis of benzoyl-L-tyrosine ethyl ester was monitored spectrophotometrically at OD356, and the results were expressed as the decrease in OD units per minute per milliliter.
RESULTS
Bactericidal activity of PNS and granule acetate extract on BACs. Treatment of various BACs with different concentrations of PNS resulted in a selective killing of BAC1-5 and BAC1-8, whereas both BAC1-3 and BAC1-7 were highly resistant and BA was marginally killed at the highest doses of PNS (Fig. 1A) , thus confirming and extending previous observations obtained with PNS (21) . The evaluation of the bactericidal activity at each step of the purification procedure of PNS revealed that almost all the bactericidal activity of the starting material was recovered in the 20,000 x g pellet containing the granules and over 90% of this activity was eventually recovered in the soluble acetate extract of the pellet. Essentially, the soluble extract gave a pattern of activity similar to that of PNS on the various BACs, except for a higher specific activity (Fig. 1B) . BAC1-8 proved to be equally susceptible to similar amounts of PMN extract, whether it was prepared from BAC1-7 and purified C8 or obtained from BAC1-5 and purified C6, C7, and C8. In addition, both preparations of BAC1-8 showed an increased susceptibility to killing by the crude PMN extract compared with that of BAC1-5. Although BAC1-5 and BAC1-8 were both found to be susceptible to the bactericidal activity of PNS and granule acetate extract, some differences were noticed in the behavior of the two BACs. The killing of 
BAC1-8 was dose dependent and reached values of over 90%
at the highest concentration of both PNS and granule extract. In contrast, the average percentage of killed BAC1-5 never exceeded 65%, which in the case of the acetate extract was obtained with 10 ,ug, and was not changed appreciably by a further increase in the protein concentration. The two BACs also showed some differences in their susceptibilities to killing when the time and temperature of incubation were varied (Fig. 2) . In fact, the killing of BAC1-5 was complete within 10 min and was equally efficient both at 37°C and at room temperature, whereas BAC1-8 was killed only at 37°C and in any case more slowly than BAC1-5. The kinetics of BA killing were essentially similar at the two temperatures, but the extent of killing was markedly low.
Effect of granule acetate extract on the stability of BAC1-5. One possibility which could explain the incomplete killing of BAC1-5 by the granule acetate extract was that enzymes present in the extract itself might favor the decay of BAC1-5 by stripping the bound complement components off the bacterial membranes. This hypothesis was tested by incubating BAC1-5 for 30 min at 37°C with the lowest dose of the acetate extract which caused maximal killing of this intermediate. At various intervals, samples were withdrawn and assayed for the percentage of BAC1-5 killed by the acetate extract and for the number of surviving bacteria still in this intermediate state, as measured by their susceptibility to killing after addition of the residual late-acting complement components. BAC1-5 suspended in KRP served as the control for the spontaneous decay of this BAC. The results (Fig. 3) dressed by fractionating the soluble acetate extract by CM-52 and testing the bactericidal activity of the fractions on BAC1-5 and BAC1-8. The same fractions were also assayed on BA as the control for nonspecific activity. The chromatographic profile (Fig. 4) shows three distinct groups of fractions acting either on both BAC1-5 and BAC1-8 (pools 1 and 3), which elute at conductivities from 28 to 39 mS and from 53 to 69 mS, respectively, or selectively on BAC1-8 (pool 2), eluting at conductivities from 40 to 47 miS. None of these pools was active on BA, but some activity on BA was detected in the exclusion peak. Assays of the pools for known cationic proteiris of PMN showed that pool 1 contained about 100 and 80% of the recovered lysozyme and myeloperoxidase activities, respectively, whereas all the recovered chymotrypsinlike activity was present in pool 3. The residual 20% myeloperoxidase activity was detected in pool 2. The unabsorbed proteins eluted with the starting buffer did not show any bactericidal activity. When further fractionated by a Sephacryl S-200 column, pools 1 and 3 resolved in several peaks acting on BAC1-5, BAC1-8, or both (Fig. 5) . In particular, fractions of pool 1 active on BAC1-5 eluted late, together with a major peak of proteins, whereas the bactericidal activity for BAC1-8 was distributed in two distinct peaks. Pool 3 had a totally different elution pattern, with an early peak of bactericidal activity on BAC1-5 and two additional peaks acting both on BAC1-5 and BAC1-8.
DISCUSSION
A variety of potent bactericidal proteins differing in molecular weights and electrophoretic mobilities were isolated from the granules of PMN of different species (5, 11, 17, 24, 26, 27 (11, 25) , and this has been attributed to the long polysaccharide chain of lipopolysaccharide (25) . This relative resistance is maintained after the binding of the IgMspecific antibodies to the outer membranes. Interestingly, the assembly of the complement components at various steps of the complement sequence on IgM-coated E. coli O111:B4 can variably modify the susceptibility of these bacteria to killing by both PNS and granule acetate extract. Thus, the binding of C5 or C8 renders the bacteria susceptible to killing, whereas the coating of the membrane with the early components up to C3 does not affect their resistance. In addition and for reasons not yet clear, the susceptible BAC1-5 can again be transformed into a resistant intermediate after the assembly on the bacterial membrane of the trimolecular complex C567 which leads to the formation of BAC1-7.
There are several reasons to believe that distinct bactericidal factors and probably different mechanisms are responsible for the killing of BAC1-5 and BAC1-8. First, the time and temperature of incubation differently affect the survival of the two BACs. BAC1-5 was killed within 10 min both at 37°C and at room temperature, whereas BAC1-8 was only killed at 37°C, reaching the maximum at 30 min of incubation. Second, the killing of BAC1-8 was on the whole more extensive than that of BAC1-5, particularly at the maximal concentrations of PNS or granule extract. The reason 30 to 35% of BAC1-5 escaped killing by PNS or acetate extract could be explained neither by an intrinsic decay of BAC1-5 nor by an extrinsic decay induced by the soluble acetate extract. In fact, we previously showed that this BAC is rather stable (16) , and the results presented in Fig. 3 indicate that its stability is not affected by incubation with the granule extract. The finding that over 90% of BAC1-5 could be killed by some fraction pools of Sephacryl S-200 gel filtration rather suggests the presence of interfering substances as yet undefined in the more crude preparations of PNS or acetate extract. Further supporting evidence for distinct bactericidal factors acting selectively on BAC1-5 or BAC1-8 is provided by the isolation of separate chromatographic fractions specific for each of the two BACs. The observation that more than one fraction is active on the same target is not unusual since similar findings were reported by other groups (5, 11, 17) . The relationship of any of these factors with the already described bactericidal cationic proteins is unknown, and work is in progress to characterize further the molecular structure of these proteins and their mechanism of action. The in vivo role of the membrane-bound late-acting complement components in the processing of gram-negative bacteria by PMN 
